We consider a two-component dark matter halo (DMH) of a galaxy containing ultra-light axions (ULA) of different mass. The DMH is described as a Bose-Einstein condensate (BEC) in its ground state. In the mean-field (MF) limit we have derived the integro-differential equations for the spherically symmetrical wave functions of the two DMH components. We studied numerically the radial distribution of the mass density of ULA and constructed the parameters which could be used to distinguish between the two-and one-component DMH. We also discuss an interesting connection between the BEC MF ground state of a one-component DMH and Hawking temperature and entropy of a corresponding Black Hole, and Unruh temperature.
Introduction
The content of the dark matter in the galaxy halos (DMH) is one of the most important unsolved problems in contemporary physics (see, for example, [1] ). One of the possible avenues for description of DMH is a two-component DMH (see, for example [2, 3] ). In recent years the ultralight axions (ULA) of mass less than 17 10 eV,  originated in the string theory, have emerged as one of the most promising candidates for the DMH [4] [5] [6] [7] . In this paper we combine these two approaches: we consider DMH containing two ULA components of different mass. Following our previous work [7] , we assume that every component can be described as the ground state of the Bose-Einstein condensate (BEC).
Our work has three main objectives: 1. Derivation of the integro-differential equations describing 2-component ULA DMH in the mean-field (MF) approximation. 2. Numerical analysis of the radial distribution of the mass density of ULA. 3. Finding the appropriate parameters which allow one to distinguish a 2-component DMH from a one-component DMH. In the last section of our work we demonstrate an intriguing correlation between a single component DMH in the MF approximation and the Black Hole temperature and entropy. Our main results include:
1. For a two-component quantum system of non-relativistic gravitationally interacting axions, the coupled nonlinear integro-differential equations, of the Hartree-Fock type, are derived, 
(2.5)
MF limit.
The dimensionless Hamiltonian, 1 2  N N in (2.3) has a similar form as the dimensionless Hamiltonian, N  (1.16) (see also (3.7)) in [8] , where it was shown that the MF limit can be used when 1, 2 ,..., ; ,... ;0 , 0 ... , 0 , 0 ... , 0 .
It is shown in [8] , that for any fixed dimensionless time, 
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For simplicity, we omitted the vector symbol for coordinates in (2.8), and below. We also used a substitution in the second equation in (2.8):
. y x 
Eigenvalue problem in MF limit.
The corresponding eigenvalue problem, in the MF limit, can be formulated as follows. We assume that all axions, for both components, are in the same spherically symmetrical ground states which are described by the wave functions, 1 ( ) x 
where 1, 2  are the dimensionless eigenvalues. For convenience, we present here the relations between dimensional and dimensionless parameters which we use, In (2.10), 0 , r is the gravitational MF analog of the Bohr radius in the hydrogen atom. The expressions in (2.9) can be simplified. Indeed, as it is well-known, the integration over polar and azimuthal angles in (2.9) can be performed explicitly. Using the expression, 2 , > ', 2 ', < ', ' '
we obtain from (2.9) two coupled integro-differential equations for wave functions, 1 ( ) x  and 2 ( ) x  , of the Hartree-Fock type, 
III. Numerical Protocol
The ground state solutions of the system of Eqs. (2.9) were found numerically as stationary solutions of the system of effective dynamic equations,
The implicit finite-difference method of the first-order in time was used with the discretization steps in time and space, t  and , x  correspondingly. This method is not conservative for parabolic type of equations, (3.1), (3.2). However, it is precisely its dissipative properties, described in detail in our work [7] , that ensure the transition of the considered system of axions from a certain initial state to the desired stationary state. The time of this transition and the corresponding stationary solution depend on the initial condition. It should be chosen carefully to avoid divergences in the described scheme, as well as solutions corresponding to the excited states of the system. The method, which we have chosen that addresses these problems, is presented below.
Suppose that the stationary solution of the system, 1,0 ( ) x  , 2,0 ( ) x  , 1,0  , 2,0  , for parameters, 0  and 0  is known. It is necessary to find a solution for: 1
of operations, used in the iterative algorithm, is as follows (the second index of the functions and values, presented above and below, indicates the number of performed iterations, 1, 2,3,..., k K  ):
1. Find the solution of Eq. (3.1),
, k x t  , and calculate/redefine, 1, 1, , In our simulations, we have chosen the domain in :
With such discreteness of parameters,  and  , the calculations of stationary states of the system 
whose stationary solution, with physically justified initial approximations, is easily found by the iteration method described above (for details see ref. [7] ).
IV. Results of Numerical Simulations
In this section, we present the results of our numerical simulations. We compute the radial distribution of the mass density of LA and design the parameters which can be used in order to distinguish a two-component DMH from a one-component DMH.
As will be discussed below, under all values of parameters, ( / ) m m   , the region of localization of the heavy axions (HA) is narrower than the region of localization of the light axions (LA). Depending on the ratio of total masses of axionic sub-systems,  , two limiting cases of the HA concentration, at the center of the system, can be realized. In the first case, the factor of "compression" of the HA is mainly caused by the potential produced by the LA, the spatial distribution of which is weakly disturbed by the presence of a HA. In the second case, the spatial distribution of HA is determined mainly by its own potential, which also significantly narrows the region of localization of LA. It is evident that the first case can be realized only at small 1   . In Fig. 1 , we present three probability density functions,
In (4.1), the parameter, , q is introduced for convenience.
Depending on the behavior of  , P x one can detect the presence of the second component of DMH.
For example, the formation of the distribution,   P x , from two different-scale distributions,     Below, we design the integral criteria for detection of the heavy component. For future analysis, we present here the main parameters of a one-component system of LA: 1   and the total "dimensionless mass",  
Here, 1,0  -is the eigenenergy of the system, 1,0 V -is the depth of the potential well, 1,0v x -is the characteristic width of the spatial distribution of the axion density, which is determined from the condition:
The shape of this distribution (see curve 1 in Fig. 3) can be well represented by the function,
The potential (3.3), created by such distribution, is well approximated by the function,
The point, 1, 0 , v x x  defines the boundary beyond which the axionic potential is equal, approximately, to the potential of a point mass. For a single-component system   
which react poorly on the heavy component due to its low total mass, 2 . M In Fig. 1 , curves 1 correspond rather well to the parameters of the single-component distribution. However, HA with less potential energy, ,2
 are concentrated at the center of the system (curves 2 in Fig. 1 ) and cause small increase in the density, As one can see from the results of Fig. 2 , the indicator,  , for the distributions, ( ), P x shown in Fig. 1 , is close to the minimum values, ( )   , for 10   and 75 . We also note an increase of 0       , with an increase in the relative mass of HA, ,  at a fixed value of their total mass, 1   (see Fig. 2 ). The physical factor, 1 ( )     , responsible for such changes, can be easily imagined qualitatively. The larger the mass of an individual particle, the narrower the region of their localization in the field of LA, and the higher the local increase of ( 0) P x  with an unperturbed peripheral zone. So, a detection of the curve deflection becomes more reliable. A similar effect is observed with an increase in the total mass of HA,  , if it is small enough (see in Fig. 2 the regions where 0      ). However, with further growth of ,  the intrinsic field of HA becomes dominant, and the second of the above limiting options for the formation of the state of the system is realized. The distribution density of axions, ( ) , P x in the central region, is determined mainly by a heavy component, the shape of which is difficult to distinguish from a one-component distribution (2) -see the inset in Fig. 3 . The width, ˆ, v x of the presented distribution, can be fairly accurately estimated by neglecting the field of the LA. From the corresponding relation in Eq. , instead of a quantity (1 )   , the product, , should be used). So, the visual radius is reduced by ~ 45 times compared with the "reference" value (in good agreement with the numerically obtained result, see Fig. 3 ). The energy of HA, 2 397.77,    and its estimate, according to the scaling rules presented in Eq. (4.1), is:
The mentioned similarity of the analyzed distribution with the one-component distribution leads to a vanishingly small value, Although at smaller value of  this detection is possible (curve 1). The origins of the problem are discussed in the next sub-section. They are due to the fact that the spatial distributions of LA and HA are sharply separated with certain combinations of system parameters, and the mutual influence between them is significantly weakened.
Effects of the constriction of heavy axions.
The characteristic of the spatial localization of the DMH components is the coordinates of their "centers of gravity", 
where ˆ0.20   and ˆ0.255   for 0.5   and 1, correspondingly. In this case, the energy levels of the light component are practically stabilized (see Fig. 4B ), and the potential, 1 ( ), U x for light component,
does not change. The physical mechanism of stabilization of ( ) 
That is, for the sub-system of LA, an almost stationary state is established. Small changes in its parameters are associated only with changes directly in the narrow zone of localization of HA.
With strong constriction of HA, not only their effect on LA is weakened (in the above sense). The parameters of the HA themselves can be fairly accurately estimated if we neglect the field of LA and consider a one-component state with potential, 2
Then (see the relations (4.1)), the estimate, On the other hand, the data of Fig. 2 are very informative. The family of "resonant" dependencies, ( )   and ( )   , indicates that a significant spatial separation of axion subsystems develops to the right of the region of resonance. It occurs approximately in the zone: 20   and 0.2   . A good accuracy of such an estimate can be seen by analyzing the data of Fig. 4 and Fig. 5 .
The physical principles for constructing a more accurate multicomponent index, ˆ,  are shown in Fig. 6 . In Fig. 6A , the stratification of axion subsystems still allows the possibility of detecting twocomponents by means of parameter  ( 0.69
 
). The density of axions at the point of maximum negative curvature of the function,
 is of the same order of magnitude as ( 0) P x  . This indicates still a significant overlap of the distribution, Thus, the problem of recognizing of the two-component system of axions reduces to the problem of detecting the halo from LA around a dense nucleus from HA, the density of which is many times (several orders of magnitude -see Figs. 6B, C) higher than the density of the light component. In this case, the mass ratio of individual particles can be within 10 ( 100
 
). If the registration of densities differing by orders of magnitude is possible, then the indicator, ˆ,  can be constructed according to the principle of Eqs. 
V. Relations to Hawking Temperature and Entropy and to Unruh Temperature
For the purposes of illustration, consider here only a MF solution with one-component ULA in BEC state [7] . (See Fig. 8.) Relation to the Hawking temperature.
We have for a single-particle dimensional energy of the BEC ground state [7] ,
where, according to [7] ,   0.16277. In (5.1), 0 and , E r are the gravitational MF analogs of the ground state energy and the Bohr radius in the hydrogen atom, correspondingly.
In the MF limit, used here, the only characteristic dimensional spatial scale is 0 r , defined in (2.10). On the other hand, a gravitational system has another characteristic dimensional spatial parameter, the Schwarzschild radius, If follows from (5.4) , that for a given axion mass, m , the dimensionless parameter, BH  , depends only on the total mass, . M Using (5.4), we can exclude m in (5.1). We have, 
